(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) Internationa! Publication Date 
5 July 2001 (05.07.2001) 




PCT 



III 

(10) International Publication Number 

WO 01/48043 Al 



(51) International Patent Classification 7 : C08F 279/00, (81) Designated States (national): AE, AG, AL, AM, AT, AU, 



C08L 55/02, C08K 5/103, C08F 279/02, 279/04 

(21) International Application Number: PCT/USOO/34362 

(22) International Filing Date: 

18 December 2000 (18.12.2000) 



(25) Filing Language: 

(26) Publication Language: 



English 



English 



(30) Priority Data: 
09/473,169 



28 December 1999 (28.12.1999) US 



AZ, BA. BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, 
DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ 
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, 
TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARDPO patent (GH, GM, 
KE, LS, MW, MZ SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, B Y, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE. DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



(71) Applicant: BAYER CORPORATION [US/US]; 100 
Bayer Road, Pittsburgh, PA 15205-9741 (US). 

(72) Inventors: VIRKLER, Terry, L.; 133 Jobs Hill Road, 
Ellington, CT 06029 (US). WU, Wan, C; 154 Lawrence 
Street, Longmeadow, MA 01 106 (US). 

(74) Agents: PREIS, Aron et aL; Bayer Corporation, Patent 
Dept., 100 Bayer Road, Pittsburgh, PA 15205-9741 (US). 



Published: 

— With international search report. 

— Before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



o 

00 



o 



(54) Title: EXTRUSION-GRADE ABS POLYMER HAVING IMPROVED PROPERTIES AND A PROCESS FOR ITS PREPA- 
RATION 

(57) Abstract: ABS polymer material having superior properties, especially suitable for making refrigerator liners is disclosed. 
The material contains SAN matrix having a number average molecular weight of at least 65,000 g/mole and about 10 to 16 percent 
by weight (pbw) of dispersed rubber particles and less than 0.2 pbw of residual oligomers. The rubber, having glass transition 
temperature of at most -85 °C, in the form of particles having an average particle diameter of 0.3 to 0.7 microns, and having particle 
size distribution of at most 2.2, is grafted with SAN. The superior properties of the material include shear viscosity at 246 °C @ 100 
sec-1 of less than 1600 Pa-s, tensile modulus of at least 2.2 GPa, elongation-to-fail (ETF) greater than 40 %, impact strength, Izod, 
greater than 25 kJ/m 2 , high melt strain hardening, and high strain to onset of instability. Also disclosed is a process for making the 
inventive material. Added embodiments relate to the advantageous incorporation of unsaturated triglyceride and to the incorporation 
of polydialkyl siloxane in ABS polymers. 
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EXTRUSION-GRADE ABS POLYMER HAVING IMPROVED 
PROPERTIES AND A PROCESS FOR ITS PREPARATION 

FIELD OF THE INVENTION 

The invention relates to ABS resinous compositions and to a 
process for making such compositions, more particularly to extrusion 
grade ABS polymer suitable for making refrigeration components having 
improved properties. 
5 SUMMARY OF THE INVENTION 

ABS polymer material having superior properties especially suitable 
for making refrigerator liners is disclosed. The material contains SAN 
matrix having a number average molecular weight of at least 65,000 
g/mole and about 10 to 16 percent by weight (pbw) of dispersed rubber 

10 particles and less than 0.2 pbw of residual oligomers. The rubber, having 
glass transition temperature of at most -85°C, in the form of particles 
having an average particle diameter of 0.3 to 0.7 microns, and having 
particle size distribution of at most 2.2, is grafted with SAN. The superior 
properties of the material include shear viscosity at246°C @ 100 sec-1 of 

15 less than 1600 Pa-s, tensile modulus of at least 2.2 GPa, elongation-to-fail 
(ETF) greater than 40%, impact strength, Izod, greater than 25 kJ/m 2 , high 
melt strain hardening, and high strain to onset of instability. Also disclosed 
is a process for making the inventive material. 

BACKGROUND OF THE INVENTION 

20 ABS polymer materials are known and have long found utility in a 

wide variety of applications. Thermoplastic compositions, most notably 
extrusion grades, containing ABS polymers alone or in conjunction with 
other resinous components are commercial products that are globally 
available. Refrigeration components, most notably refrigerator liners are 

25 one industry segment where ABS polymers have found considerable 
acceptance. 



WO 01/48043 



-2- 



PCT/US00/34362 



In its continued search for improvements, the refrigeration industry 
has been seeking material systems having a particularly desirable balance 
of properties; no single property renders a material system suitable for this 
demanding application. Material having such desirable properties would 
5 feature a high level of mechanical properties and good processability. 
Such desirable material would meet certain values of shear viscosity, 
tensile modulus, elongation-to-fail, resistance to impact, melt strain 
hardening and melt strain at the onset of visible necking. The melt strain 
hardening (stress growth) and strain to onset of visible necking are 

1 0 properties indicating the stability of the melt under high strains and are 
predictive of the uniformity of the thickness of parts that are thermoformed 
at high draw ratios. The materials that are currently available, although 
meeting some of the desirable properties, fall short in respect to others. 
The ABS polymers of the current invention are preferably produced 

15 by continuous mass polymerization. Continuous mass polymerization is a 
well-known process for making ABS polymers. The process has been 
disclosed in, among others, U.S. Patents 3,243,481, 3,337,650, 3,511,895 
and 4,417,030 the specifications of which are incorporated herein by 
reference. U.S. Patent 3,438,971 , wherein disclosed is a mixture of a 

20 diene-rubber-nitrile copolymer with unsaturated triglycerides, is presently 
relevant. 

DETAILED DESCRIPTION OF THE INVENTION 
In the present context, the term "ABS polymers" refers to the genus 
entailing (i) a grafted diene rubber wherein grafted phase comprise the 

25 (co)polymerization product of a monoalkenyl aromatic monomer 

(exemplified by and sometimes referred to below as "styrene") and an 
ethylenically unsaturated nitrile monomer (exemplified by and sometimes 
referred to below as "acrylonitrile") and (ii) a matrix which comprise the 
(co)polymerization product of a monoalkenyl aromatic monomer and an 

30 ethylenically unsaturated nitrile monomer (hereinafter exemplified by and 
referred to as "SAN"). 
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The monoalkenyl aromatic monomer may be represented as 

X 
I 

C=CH 2 
I 

Ar 

5 

wherein Ar is selected from the group consisting of phenyl, halophenyl, 
alkyl phenyl and alkylhalophenyl and mixtures thereof and X is selected 
from the group consisting of hydrogen methyl and ethyl groups. 

Exemplary of the monoalkenyl aromatic monomers that can be 
1 0 employed in the present invention are styrene and substituted styrenes 
such as the o-, m-, and p-methyl styrenes, 2,4-dimethylstyrene, the 
corresponding ethyl styrenes, p-tert-butyl styrene, alpha-methyl styrene, 
alphaethylstyrene, alpha ethyl-p-methylstyrene, vinyl naphthalene, an ar- 
halo monoalkenyl aromatic monomer such as o-chlorostyrene, m- 
15 chlorostyrene, p-chlorostyrene, o-bromostyrene and 2,4-dibromostyrene, 
and ring-alkyl, ring-halo-substituted styrenes, e.g., 2-methyl-4-chloro- 
styrene and 2,6-dichloro-4-methylstyrene. Mixtures of monoalkenyl 
aromatic monomers may also be used. 

Exemplary of the unsaturated nitriles or alkenyl nitrile monomers 
20 which may be used are acrylonitrile, methacrytonitrile, ethacrylonitrile and 
mixtures thereof. 

Optional additional monomers may be polymerized along with the 
monoalkenylaromatic monomer and unsaturated nitrile monomer. These 
include alpha- or beta-unsaturated mono-basic acids and derivatives 
25 thereof, e.g., acrylic acid, methyl acrylate, ethyl acrylate, butyl acrylate, 2- 
ethylhexyl acrylate, methacrylic acid and the corresponding esters thereof, 
such as methyl methacrylate, acrylamide and methacrylamide; vinyl 
halides such as vinyl chloride, vinyl bromide and vinylidene chloride, 
vinylidene bromide; vinyl esters such as vinyl acetate and vinyl propionate, 
30 dialkyl maleates or fumarates such as dimethyl maleate, diethyl maleate, 
dibutyl maleate; and maleic anhydride. 
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The mixture of monomers used in the inventive process comprise at 
least 40%, preferably at least 50%, relative to the weight of the mixture of 
the monoalkenylaromatic monomer. The mixture also contains at least 
5%, preferably at least 10%, relative to the weight of the mixture of the 
5 unsaturated nitrile. In practice, it is desirable that the monomer mixture 
contains 40 to 95% and preferably 60 to 85%, by weight of the alkenyl 
aromatic hydrocarbon and 60 to 5% and preferably 60 to 1 5% and most 
preferably from 60 to 25% by weight of the unsaturated nitrile. 

The rubber suitable in the present invention is at least one 

10 conjugated diene rubber having a glass transition temperature of at most 
-85°C as determined by ASTM Test D-746-52T, selected from among 1 ,3- 
dienes, e.g., butadiene, isoprene, 2-chloro-1 ,3-butadiene, 1 -chloro-1 ,3- 
butadiene, piperylene, etc. Also suitable are copolymers and block 
copolymers of conjugated 1,3-dienes with up to an equal amount by 

15 weight of one or more copolymerizable monoethylenically unsaturated 

monomers, including monoalkenyl aromatic hydrocarbons such as styrene 
and substituted styrenes such as aralkylstyrenes, including o-, m- and p- 
methylstyrenes, 2,4-dimethylstyrene, the corresponding ar-ethylstyrenes, 
p-tert-butylstyrene, etc.; alphamethylstyrene, alphaethyl-styrene; alpha- 

20 methyl-p-methyl styrene, vinyl naphthalene; arhalomono-alkenyl aromatic 
hydrocarbons such as o-, m- and p-chlorostyrene, 2,4-dibromostyrene, 
and 2-methyl-4-chlorostyrene; acrylonitrile, methacrylo-nitrile; 
ethacrylonitrile; alpha or beta-unsatu rated mono-basic acids and 
derivatives thereof, e.g., acrylic acid, methyl acrylate, ethyl acrylate, butyl 

25 acrylate, 2-ethylhexyl acrylate, methacryiic acid and the corresponding 
esters thereof, such as methyl methacrylate, acrylamide and methacryl- 
amide; vinyl halides such as vinyl chloride, vinylidene bromide; vinyl esters 
such as vinyl acetate and vinyl propionate, dialkyl maleates or fumarates 
such as dimethyl maleate, diethyl maleate, dibutyl maleate; and maleic 

30 anhydride. 
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A useful group of rubbers are the stereo-specific poly-butadiene 
rubbers formed by the polymerization of 1 ,3-butadiene. These rubbers 
have a cis-isomer content of about 30 to 98% and a trans-isomer content 
of about 70 to 2%. A preferred group of rubbers are those consisting 
5 essentially of 75 to 1 00% by weight of butadiene and/or isoprene and up to 
25% by weight of a monomer selected from the group consisting of 
monovinylidene aromatic hydrocarbons (e.g., styrene) and unsaturated 
nitrites (e.g., acrylonitrile), or mixtures thereof. The diene rubber may 
contain crosslinking agent in an amount of up to about 2% based on the 

1 0 weight of the rubber monomer or monomers. The crosslinking agent may 
be any of the agents conventionally employed for crosslinking diene 
rubbers, e.g., divinylbenzene, diallyl maleate, diallyl fumarate, diallyl 
adipate, allyl acrylate, allyl methacrylate, diacrylates and dimethacrylates 
or polyhydric alcohols, e.g., ethylene glycol dimeth acrylate, etc. 

1 5 The rubber content of the inventive ABS polymer is about 1 0 to 

16%, preferably 12 to 15% relative to the weight of the ABS polymer. 

In carrying out the polymerization by continuous mass process 
where a number of reactors are entailed, a monomer mixture comprising 
principally monoalkenylaromatic monomer and an ethylenically 

20 unsaturated nitrile monomer will polymerize readily to form copolymers of 
the matrix phase in the presence of a dispersed rubber phase. Optionally, 
minor proportions of other monomers may be present in the copolymer. 
The copolymer in the partially polymerized mixture is formed as a free, or 
matrix phase polymer and as a polymer grafted on the diene rubber 

25 particles. These matrix phase and grafted copolymers will have about the 
same composition for a given formulation. 

The rubber content of the solution fed to the first reactor of the 
present invention can be a positive amount up to 33%, preferably up to 
30%, by weight. 

30 In carrying out the polymerization by continuous mass process, the 

polymerization may be initiated in the first reactor by any free radical 
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generating initiator that promotes grafting and is activated at the 
contemplated reaction temperatures. Suitable initiators include peresters 
and peroxycarbonates such as tert-butyl perbenzoate, tert-butyl peroxy 
isopropyl carbonate, tert-butyl peroctoate, tert-butyl peroxy isononoate, 
5 tert-butyl 2-ethylhexyl monoperoxy carbonate, tert-butyl peroxy 

neodecanoate, and mixtures thereof. The initiator is generally included in 
an amount of 0.001 to 3.0%, preferably 0.005 to 1.0%, relative to the 
weight of the polymerizable material. No chemical initiator is included in 
any subsequent reactor in the process of making the inventive ABS 

10 polymer by continuous mass polymerization. 

The acrylonitrile monomer is charged to the reactor in an amount 
such that the partially polymerized mixture in the first reactor contains 
about 1 5 to 60% by weight of acrylonitrile based on the total monomers 
charged. This will cause the ABS polymer to be higher in acrylonitrile 

1 5 content, bringing it into a preferred range of about 25 to 40% by weight. 

As is well known, it is often desirable to incorporate molecular 
weight regulators such as mercaptans, halides and terpenes in relatively 
small amounts, on the order of 0.001 to 1 .0% by weight of the 
polymerizable material. In addition, it may be desirable to include 

20 relatively small amounts of antioxidants or stabilizers such as the 

conventional alkylated phenols. Alternatively, these may be added during 
or after polymerization. The formulation may also contain other additives 
such as stabilizers, plasticizers, lubricants, colorants and non-reactive 
preformed polymeric materials which are suitable or dispersible therein. 

25 In making the inventive ABS polymer by the continuous mass 

polymerization process, it is preferred to use at least two reactors 
operating continuously and in series. In this process, it is essential that the 
process entails (i) using as polymerization media a mixture of solvents 
comprising an aliphatic ketone and an aromatic hydrocarbon, (ii) operating 

30 all reactors subsequent to the first reactor at temperatures in the range of 
1 10 to 155°C, (iii) excluding chemical initiator from all reactors 
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subsequent to the first reactor, and (iv) introducing into the reaction 
mixture an additive amount of unsaturated triglyceride prior to 
devoiatilization. 

Accordingly, the rubber in solution of the monomer mixture is fed 
5 continuously into a first reactor under conditions promoting polymerization 
along with a mixture of solvents to form a first reaction mixture in which the 
rubber dispersed phase has weight average particle diameter (D w ) of 0.3 
to 0.7 microns. 

The first reaction mixture is then transferred to at least one 
10 subsequent reactor along with an additional mixture of monomers, at least 
one subsequent reactor operates at a temperature lower than 1 55°C to 
form a product. The product is devolatilized in a subsequent step. 

Suitable aromatic hydrocarbons include benzene, ethyl benzene 
and toluene. Suitable aliphatic ketones include acetone, methyl ethyl 
1 5 ketone and methyl propyl ketone. 

The weight ratio between the aromatic hydrocarbons and aliphatic 
ketone in the mixture is in the range of 80/20 to 20/80, preferably 60/40 to 
40/60. 

The unsaturated triglyceride to be introduced in the practice of the 
20 process is preferably an unsaturated triglyceride of Cs-24 -fatty acid. The 
more preferred unsaturated triglyceride is vegetable oil, most preferably 
corn oil. Accordingly, it is introduced in an amount of 0.5 to 5 percent, 
preferably 1 to 2 percent relative to the weight of the final product, prior to 
devoiatilization. 

25 An added embodiment relating to the present invention concerns 

the advantages resulting from the use of unsaturated triglycerides in the 
continuous mass polymerization process for making ABS polymer 
generally. The finding giving rise to this embodiment is that the addition of 
such triglyceride in an amount of 0.5 to 5, preferably 1 to 2 percent relative 

30 to the weight of the ABS polymer, prior to devoiatilization, provides a lower 
glass transition temperature of the rubber and improved impact toughness. 
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Accordingly, this beneficial effect is independent of the mixed solvents, 
absence of chemical initiator from the subsequent reactors, and particle 
size of the rubber. 

A yet additional embodiment relating to the present invention 
5 concerns the advantageous cavitation resulting upon the incorporation of 
silicone oil in ABS polymer, preferably the ABS polymer prepared by 
continuous mass polymerization. As is well known to the art-skilled, 
cavitation is the process whereby a void is formed in the rubber particles 
upon being subjected to tensile stress. The capacity of the ABS to thus 

1 0 cavitate is desirable because cavitation relieves the rubber of hydrostatic 
tension and allows the rubber to craze the surrounding matrix at lower 
tensile stress. In other words, cavitation reduces the tensile yield stress, 
with the concurrent increase in toughness and in ETF. Cavitation does not 
reduce the modulus of the material. 

15 The preparation of cavitatable rubber in accordance with the 

invention comprises adding silicone oil to the ABS polymer in an amount of 
about 0.05 to 0.4 percent, relative to the weight of the ABS polymer. The 
suitable silicone oil is siloxane polymer, including block copolymers 
containing polysiloxane blocks, for instance polyether-polysiloxane and 

20 including polydialkyl siloxane, preferably polydimethyl siloxane having a 
viscosity of about 100 to 1 ,000,000 centistokes (cs). Cavitation in 
accordance with the invention is most effective in ABS polymer, wherein 
diameter of the rubber particles (weight average diameter) is generally not 
larger than 0.7 microns. 

25 The point of addition of silicone oil to the ABS polymer is not critical, 

and may be carried out during the polymerization process, before or after 
devolatilization. 

This embodiment of the invention, the rendering of ABS polymer 
cavitatable is independent of the process parameters that were noted 
30 above; in other words, this embodiment does not require the mixed 



BNSDOCID: <WO 0148043A1_I_> 



WO 01/48043 PCTYUS00/34362 

-9- 

solvents, absence of chemical initiators from subsequent reactors, the 
noted process temperatures and the use of triglycerides. 

In the preferred continuous mass polymerization process, the 
reaction is carried out in two reactors, the first, A, being stirred so as to 
5 yield a reaction mixture with a substantially uniform composition 

throughout and operating at 20 to 30% polymer solids content and the 
second reactor, B, being a continuous mass reactor operating at 50 to 
70% polymer solids content. This preferred process is now set forth in 
more detail. 

1 0 A first partially polymerized mixture is formed in Reactor A by 

simultaneously and continuously charging to the reactor: (1 ) a solution of 
styrene monomer, acrylonitrile monomer, the mixture of solvents, chemical 
initiator and optionally other additives, having dissolved therein about 7 to 
1 5% by weight of a diene rubber having a molecular weight (M w ) of from 

1 5 80,000 to 250,000. The reactor operates at about 20 to 30% steady state 
monomer to polymer conversion (from 20 to 30% polymer solids content), 
such that the rubber becomes dispersed directly on addition as rubber 
particles having a weight average particle diameter of about 0.3 to 0.7 
microns. The distribution of the rubber phase (that is the ratio of the weight 

20 average particle diameter (D w ) to the number average particle diameter 
(D n )), which is a critical parameter of the inventive ABS polymer, is 
preferably at most 2.2. 

The monomers are polymerized at temperatures of from about 75° 
to 85°C and at an operating pressure of from 1 to 10 atm. and at least a 

25 portion of the monomers polymerized are grafted as superstate 
copolymer molecules on the diene rubber. 

Upon completion of the reaction that takes place in the first reactor, 
the rubber particles have been formed, dispersed and grafted. Some 
monomer/polymer phase is often occluded in the rubber particles. The 

30 amount of such occluded monomer-polymer phase is held at a constant 
level by steady state polymerization. It has been found that the higher the 
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volume of occlusion within the rubber particle the more efficiently the 
rubber phase is used in toughening the polymer. The rubber particle acts 
much as a pure rubber particle if the occlusions are controlled at a level of 
about 0.25 to 2.5 parts by weight per one part of rubber. The occluded 
5 monomers also polymerize and begin to form monomer/polymer 
components inside the rubber particles. 

The rubber particle is also grafted externally, stabilizing its structure 
as to size and its dispersability in the monomer-polymer phase. The initial 
reactor forms a first partially polymerized mixture of a monomer-polymer 

10 phase having the rubber phase described above dispersed therein. 

The second, or subsequent, reactor is preferably a continuous 
stirred reactor of the type used as the first reactor and is used to carry the 
conversion up to the desired level which is generally from 50 to 90%, 
preferably 60 to 80%, monomer to polymer and up to 75% polymer solids 

15 in the reaction mixture. 

This reactor (Reactor B) operates free from any chemical initiators, 
at temperatures of 1 10° to at most 155°C and an operating pressure of 
from 5 to 10 atmospheres. The polymerization reaction is exothermic and 
cooling may be provided by vaporization of a part of the monomer from the 

20 reacting mass. However, if the target composition is above the S/AN 
azeotrope, it may be necessary to maintain the desired monomer 
proportions in Reactor B by use of a separate feed of monomers in the 
appropriate concentrations. Additionally or alternatively cooling can be 
provided by reactor jackets. Cooling by feeding the condensed recycle 

25 monomer into Reactor B may also be provided. It may also be appropriate 
to use as Reactor B a continuous flow-through reactor provided with 
efficient agitation. The cooling mechanisms discussed above are also 
effective with such a reactor. As material progresses through such a 
reactor, the amount of polymer continuously increases, the amount of 

30 monomer decreases, (via polymerization and vaporization losses), and the 
temperature progressively increases from inlet to outlet stages. 
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The partially polymerized mixture exiting the final reactor is 
subjected to one or more stages of devolatilization to remove the 
remaining unreacted monomers and solvents. Such devolatilization is 
conducted in known manner in any desired devolatilizer such as a wiped 
5 film, or falling strand, or extruder type. The devolatilization treatment is 
generally conducted at temperatures of from about 200 to 280°C, at 
reduced pressures of from 0.01 to 700 mm Hg absolute, preferably at from 
about 220 to 250°C, and a pressure of from 2 to 200 mm Hg abs. The 
product of the devolatilization stage is a polymer composition with a 
1 0 residual monomer and oligomer levels reduced to less than about 0.2% by 
weight. 

After removal of the devolatilized polymer from the devolatilization 
stage generally in the form of a melt, it is formed into strands or other 
shapes by the use of stranding dies or other conventional means and 
1 5 thereafter cooled and cut or pelleted into the desired final size and stored 
or packaged for shipment. The final operations can all be conducted in 
conventional manner through the use of known equipment and devices. 

The inventive ABS polymer is characterized by the following 
features: 

20 (i) the diameter of the rubber particles (weight average) is 0.3 to 

0.7 microns, 

(ii) the ratio between the weight average particle diameter (D w ) 
and the number average particle diameter (D n ) of the rubber 
is at most 2.2, 

25 (iii) the glass transition temperature of the rubber is at most 

-85°C, 

(iv) the content of the rubber is about 10 to 1 6 percent relative to 
the weight of the ABS polymer, 

(v) the molecular weight of the SAN matrix (number average 
30 molecular weight) is greater than 65,000, preferably greater 

than 70,000 grams/mole, 
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(vi) the content of residual oligomers is less than 0.2%. 

The direct consequence of the material parameters defining the 
inventive ABS polymer is the following set of characteristic properties, 
including: 

5 (i) shear viscosity at 246°C @ 100 sec-1 of less than 1600 



(iv) RME strain at necking onset greater than 3.0. 
The particle diameter of the rubber may be measured by a 
sedimentation-light scattering technique. The glass transition temperature 
(T g ) of the rubber may be measured by dynamic mechanical analysis in 

15 tensile mode. The rubber content may be determined by FTIR calibrated 
for the appropriate butadiene copolymer content. The molecular weight of 
the matrix is measured by gel permeation chromatography calibrated to 
the appropriate AN content. The content of the residual oligomers (dimers 
and trimers) may be measured by gas chromatography coupled with a 

20 mass spectrometer. 

The shear viscosity values in the context of the present invention 
are determined by standard capillary rheometer. The tensile modulus and 
elongation-to-fail values are determined on bars cut from extruded strips in 
the cross machine direction. These strips are 50 mils thick and are 

25 extruded under conditions that give a residual orientation in the machine 
direction of 10 to 25% (as measured by oven shrinkage). Tensile 
properties were determined in accordance with ASTM D648, except that 
the gage section of the bars is 0.05 x 0.50 x 1.00 inches. Impact strength, 
Jzod, is measured on 4 mm ISO molded bars according to ISO 180- 

30 1993(E). Melt stress-strain is measured on a Meisner type rheometer (a 
product of Rheometric Scientific, Inc.) in uniaxial extension at 170°C and 



10 



00 
(iii) 
(iv) 
(v) 



Pa-s, 

tensile modulus of at least 2.2 GPa, 
elongation-to-fail (ETF) greater than 40%, 
impact strength, Izod, greater than 25 kJ/m2 
RME slope at strain = 2 greater than 100 kPa, and 
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at 0.1 sec-1 Hencky strain rate; these conditions are typical for 
thermoforming of ABS materials. The slope of the stress/strain curve at a 
Hencky strain of 2 (draw ratio of 7.4) is selected as this strain is typical in 
deep draw parts and the melt stability must be maintained to at least this 
5 degree of strain. The melt Hencky strain at which visible necking of the 
specimen occurs is an indication of loss of stability of the material and of 
the maximum draw ratio the material is likely to be capable of. 

The set of properties that characterize the inventive ABS polymer 
(herein "critical properties") is not shared by corresponding materials which 
10 are presently available in commerce. While increased rubber content 
would result in higher elongation-to-fail, Izod impact strength and melt 
stress growth, this is typically associated with lowered modulus and melt 
strain limit and an increase in shear viscosity. An increase in the molecular 
weight of the grafted phase results in higher values of ETF, Izod impact 
1 5 strength and melt strain hardening, it also results in an increase in shear 
viscosity. Increased size of the rubber particles yields higher ETF values, 
yet is accompanied by reduced values of Izod impact strength, tensile 
modulus, and melt strain hardening. 

Melt strain hardening, a parameter indicating stability, is measured 
20 in uni-axial extension on a Meisner-type rheometer (RME). The 

temperature is kept constant at 170°C and the strain rate is constant at 0.1 
sec' 1 . The stress-strain curve is analyzed from its slope, or stress growth, 
at a Hensky strain of 2 (RME slope), as a measure of melt stability. The 
strain at which the deforming sample necks, or becomes non-uniform 
25 (RME strain at necking onset) is a measure of melt stability. 

The table below represents the profile of the properties of several 
corresponding materials which are believed to be the currently leading 
commercial products. The values presented in bold numerals indicate 
shortcomings in comparison to the target properties. These are set in 
30 comparison to the ABS polymer of the present invention 
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In the table: D w - denotes the weight average particle diameter of 
the rubber particles; D n - denotes the number average particle diameter of 
the rubber particles; the ratio D w /D n denotes the size distribution; T g - 
denoted glass transition temperature in °C. 
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The preparation of the inventive ABS by the well known continuous 
mass polymerization process requires the modifications to the process that 
are noted herein. 

The invention is further illustrated but is not intended to be limited 
5 by the following examples in which all parts and percentages are by weight 
unless otherwise specified. 

EXAMPLES 

EXAMPLE 1 (Comparative) 

ABS polymer was prepared by typical continuous mass as 
1 0 described below. The product contained 1 3.7% by weight rubber having a 
weight average particle diameter (Dw) of 0.74 micron. The product 
contained 28% by weight acrylonitrile, the balance being styrene in the 
polystyrene-acrylonitrile matrix. The preparation entailed using a system of 
two stirred reactor positioned in series. A feed stream continuously 
1 5 introduced to the first one-liter reactor at a rate of 71 0 gram/hour, had the 
following composition (percent by weight): 
10% polybutadiene rubber, 
40.6% styrene, 
23.3% acrylonitrile, 
20 13% methyl ethyl ketone, 

13% ethyl benzene, 
0.038% t-butyl peroxyneodecanoate. 
The temperature in the first reactor was 80°C. 
The reaction mixture was then fed to the second two-liter reactor 
25 along with a separate, second feed stream, which was simultaneously and 
continuously fed thereto at a feed rate of 27 gram/hour. The second feed 
stream contained (percent by weight): 
70% styrene, 
4.0% acrylonitrile, 
30 12.25% methyl ethyl ketone 

12.25% ethyl benzene 
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0.18 t-butyl ethylhexyl monoperoxy carbonate (chemical initiator) 
0.12 t-dodecyl mercaptan 
1 .2% of a stabilizer. 

The stabilizer is believed to have no criticaiity in the present 
5 context. The temperature in the second reactor was 145°C. The reaction 
mixture in the second reactor was reacted and then continuously fed to a 
one-staged devolatilizer at 240°C and under 10 mm Hg. The structure and 
properties of the resulting ABS material are shown below. 



Table 1 




% Rubber 


12.8 


D w , microns 


0.74 


Dw/Dn 


2.00 


Rubber T g , °C 


-81 


%AN, PS AN 


27.8 


Mw, g/mole 


149,000 


Mn, g/mole 


64,000 


Residual SAN Oligomers, % 


0.1 


Shear Viscosity, Pa-sec 


1767 


Modulus, Gpa 


2.02 


Elongation-to-fail, % 


127 


Impact strength, Izod, kJ/m 2 


11.2 


RME Slope @ strain =2, kPa 


127 


RME Strain at necking onset 


3.5 



25 

EXAMPLE 2 

ABS polymer was prepared by the inventive process. The product 
contained 14.3% by weight rubber having a weight average particle size 
(Dw) of 0.40 micron. The product contained 26.2% by weight acrylonitrile, 
30 the balance being styrene in the polystyrene-acrylonitrile matrix. The 
preparation entailed using a system of two stirred reactor positioned in 
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series. A feed stream continuously introduced to the first one-liter reactor 
at a rate of 520 gram/hour, had the following composition (percent by 
weight): 

8.1% polybutadiene rubber, 
5 48.6% styrene, 

20.1% acrylonitrile, 

1 1 .6% methyl ethyl ketone, 

1 1 .6% ethyl benzene, 

0.023% t-butyl peroxyneodecanoate. 
1 0 The temperature in the first reactor was 80°C. 

The reaction mixture was then fed to the second two-liter reactor 
along with a separate, second feed stream, which was simultaneously and 
continuously fed thereto at a feed rate of 27 gram/hour. The second feed 
stream contained (percent by weight): 
15 66.5% styrene, 

13.1% acrylonitrile, 

12.0% corn oil and 

6.0% of a stabilizer. 

The stabilizer is believed to have no criticality in the present 
20 context. The temperature in the second reactor was 1 50°C. The reaction 
mixture in the second reactor was reacted and then continuously fed to a 
one-stage devolatilizer at 240°C and under 10 mm Hg. The properties of 
the resulting ABS material are shown below. 
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Table 2 




% Rubber 


14.3 


D w 


0.40 


D w /D n 


2.00 


Rubber T 9 , °C 


-92 


%AN, PSAN 


26.2 


Mw, g/mole 


181,000 


Mn, g/mole 


78,000 


Residual SAN Oligomers, % 


0.1 


Shear Viscosity, Pa-sec 


1532 


Modulus, Gpa 


2.25 


Elongation-to-fail, % 


45 


Impact strength, Izod, kJ/m2 


31.0 


RME Slope @ strain = 2, kPa 


245 


RME Strain at necking onset 


3.5 



Although the invention has been described in detail in the foregoing 
for the purpose of illustration, it is to be understood that such detail is 
solely for that purpose and that variations can be made therein by those 
20 skilled in the art without departing from the spirit and scope of the 
invention except as it may be limited by the claims. 
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WHAT IS CLAIMED IS : 

1 . An ABS polymer comprising a matrix phase and grafted 
rubber particles dispersed therein characterized in that 

(i) said rubber is in the form of particles having a weight 

5 average diameter of 0.3 to 0.7 microns, and wherein the ratio 

of D w /D n is at most 2.2, and 

(ii) the glass transition temperature of said rubber is at most 
-85°C, and 

(iii) the rubber is present in an amount of 10 to 16 percent 
1 0 relative to the weight of said ABS polymer, and 

(iv) the number average molecular weight of said matrix is 
greater than 65000 g/mol, and 

(v) the content of the residual oligomers in said ABS polymer is 
less than 0.2 % 

1 5 wherein matrix comprises the (co)polymerization product of at least one 
monoalkenyl aromatic monomer and at least one ethylenically unsaturated 
nitrite monomer, and wherein said grafted rubber comprise diene rubber 
and wherein grafted phase comprises the (co)polymerization product of at 
least one monoalkenyl aromatic monomer and at least one ethylenically 

20 unsaturated nitrile monomer. 

2. The ABS polymer of Claim 1 wherein the rubber is present in 
an amount of 12 to 1 5 percent relative to the weight of said ABS polymer. 

3. The ABS polymer of Claim 1 further characterized in that its 
shear viscosity is lower than 1600 Pa-s (at 246°C and 100 sec" 1 ) and its 

25 tensile modulus is at least 2.2 Gpa, and its ETF is higher than 40%, and its 
Izod impact strength is higher than 25 kJ/m 2 , and that its RME slope is 
higher than 100 kPa (at 170°C and 0.1 sec* 1 ), and its RME strain at onset 
of necking is higher than 3.0. 

4. A continuous mass polymerization process for making ABS 
30 polymer comprising 



WO 01/48043 PCI7US00/34362 

-22- 

(i) continuously charging into a first in a series of reactors under 
conditions promoting polymerization, diene rubber in solution 
of a mixture of monomers and a mixture of solvents to form a 
first reaction mixture in which rubber dispersed phase has 

5 average particle diameter of 0.3 to 0.7 microns, 

(ii) transferring said first reaction mixture into at least one 
subsequent reactor of said series, optionally along with 
additional mixture of monomers, said subsequent reactor 
operating at a temperature lower than 1 55°C and in the 

1 0 absence of a chemical initiator, to form a product, and 

(iii) transferring the product obtained in (ii) to a devolatilizing unit, 
and 

(iv) devolatilizing said product, 

said mixture of monomers containing monoalkenyl aromatic monomers 
1 5 and ethylenically unsaturated nitrile monomers, said mixture of solvents 
containing at least one aromatic hydrocarbon and at least one aliphatic 
ketone in a weight ratio of 80/20 to 20/80 therebetween, said product 
obtained at (ii) containing about 0.5 to 5 percent of an unsaturated 
triglyceride of -fatty acid. 
20 5. The process of Claim 4 wherein said triglyceride is natural 

vegetable oil. 

6. The process of Claim 5 wherein oil is introduced into the last 
reactor prior to devolatilization. 

7. The process of Claim 4 wherein triglyceride has an iodine 
25 number greater than 90. 

8. The process of Claim 7 wherein triglyceride is com oil. 

9. The process of Claim 4 wherein said product obtained at (ii) 
contains about 1 to 2 percent of a triglyceride of C6-24 -fatty acid. 

1 0. The process of claim 4 wherein aromatic hydrocarbon is 
30 ethyl benzene. 
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1 1 . The process of Claim 4 wherein ketone is methyl ethyl 
ketone. 

1 2. The process of Claim 4 wherein aromatic hydrocarbon is 
ethyl benzene and wherein ketone is methyl ethyl ketone. 

5 1 3. In the continuous mass polymerization process for making 

ABS polymer in a series of reactors under conditions promoting 
polymerization, the improvement comprising 

(i) continuously charging into a first in a series of reactors diene 
rubber in solution of a mixture of monomers containing at 

1 0 least one monoalkenyl aromatic monomer and at least one 

ethylenically unsaturated nitrile monomer and a mixture of 
solvents containing at least one aromatic hydrocarbon and at 
least one aliphatic ketone at a weight ratio of 80/20 to 20/80 
therebetween to form a first reaction mixture in which rubber 

1 5 dispersed phase has average particle diameter of 0.3 to 0.7 

microns, 

(ii) operating any reactor subsequent to said first reactor at a 
temperature lower than 155°C in the absence of a chemical 
initiator to produce a grafted rubber, 

20 (iii) incorporating in said rubber about 0.5 to 5 percent of an 

unsaturated triglyceride of Cs-24 -fatty acid, and 
(iv) devolatilizing said rubber. 

14. The process of Claim 4 wherein at least one aromatic 
hydrocarbon and at least one aliphatic ketone are present in a weight ratio 

25 of 60/40 to 40/60 therebetween. 

15. A continuous mass polymerization process for making ABS 
polymer comprising 

(i) continuously charging into a first in a series of reactors under 
conditions promoting polymerization, diene rubber in solution 
30 of a mixture of monomers and at least one solvent to form a 
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first reaction mixture in which the rubber is a dispersed 
phase, 

(ii) transferring said first reaction mixture into at least one 
subsequent reactor of said series, optionally along with 

5 additional mixture of monomers, said subsequent reactor 

operating at a temperature sufficient to form a product, and 

(iii) transferring the product obtained in (ii) to a devolatilizing unit, 
and 

(iv) devolatilizing said product, 

1 0 said mixture of monomers containing monoalkenyl aromatic monomers 
and ethylenically unsaturated nitriie monomers, said product obtained at 
(ii) containing about 0.5 to 5 percent of an unsaturated triglyceride of C6-24 
-fatty acid. 

1 6. The process of Claim 1 5 wherein said unsaturated 
1 5 triglyceride is natural vegetable oil. 

1 7. The process of Claim 1 5 wherein oil is introduced into the 
last reactor prior to devolatilization. 

1 8. The process of Claim 1 5 wherein triglycerides have an iodine 
number greater than 90. 

20 1 9. The process of Claim 1 5 wherein triglyceride is corn oil. 

20. The process of Claim 15 wherein said product obtained at 
(ii) contains about 1 to 2 percent of an unsaturated triglyceride of C6-24 - 
fatty acid. 

21 . The ABS polymer prepared by the process of Claim 1 5. 

25 22. An ABS polymer comprising a matrix phase, grafted rubber 

particles dispersed therein and polydialkyl siloxane characterized in that 
said matrix comprises the (co)polymerization product of at least one 
monoalkenyl aromatic monomer and at least one ethylenically unsaturated 
nitriie monomer, and said grafted rubber comprises diene rubber and a 

30 grafted phase that contains the (co)polymerization product of at least one 
monoalkenyl aromatic monomer and at least one ethylenically unsaturated 
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nitrile monomer, said rubber being in the form of particles having a weight 
average diameter of at most 0.7 microns and said polydialkyl siloxane 
being present in an amount of about 0.05 to 0.4 percent, relative to the 
weight of the ABS polymer and having a viscosity of about 100 to 
5 1 ,000,000 centistokes (cs). 
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